AbstracbIn this paper, an enhanced system for video streaming over Wireless LANs at SGHz (IEEE802.lldg and Hiperlad2) is presented. The proposed system employs Space Time Block Codes (STBC) combined with a Reed Solomon (RS) -Convolutional concatenated coding scheme in order to provide reliable transmission of MPEG2 streams without strong reliance on ARQ. PER performances are pmented and throughput enhancements are evaluated via link adaptation for different RS correction capabilities (8 and 32 bytes) and different STBC configurations (2Tx-1% and 2Tx-2Rx). The proposed system with a ZTx-2Rx STBC and a 32 byte correction capability RS code allows a gain of lOdB over the standard performance of IEEESO2.lla and MB over a 2Tx-2Rx STBC system for a PER of lo-*.
I. INTRODUCTION
Recently, there has been a growing interest in video streaming over Coded Orthogonal Frequency Division Multiplexing (COFDM) based Wireless Local Area Networks (WLANs) such as IEEE802.lla/g and Hiperlad2 [l], [21 and [3] . They provide data rates up to 54Mbids in a 20MHz bandwidth and are therefore a solution for home entertainment, video on demand and other home multimedia communication products.
In order to enhance the radio performance of the PHY layer of such WLANs, multiple transmit and receive antennas can he used to provide diversity. A simple and very attractive form of Space Time Block Codes (STBC) was proposed recently by Alamouti in [4] . It only requires a little additional complexity and is suitable for the low mobility environments in which WLANs will be deployed. STBC can enhance performance by exploiting spatial diversity. Forward Error Correcting (FEC) [7] ) systems where ARQ is not employed. DVB uses the MPEG2 system and allows several data streams to be multiplexed.
ARQ is a mandatory features of the IEEE802.11 Medium Access Control (MAC) layer [SI to detect radio collision. The idea of this paper is to combined the FEC encoded MPEGZ streams with a STBC modified version of the IEEE802.1 la PHY layer in order to add robustness, to improve further the PER performances and therefore to reduce the use of ARQ for erroneous received packets. In section 11, a short overview of WLANs at SGHz is given. Section III describes the basis of Space Time Block Codes. Our system is presented in section V. The PER and throughput performances are shown in section VI. Finally, section VI1 concludes the paper.
WLAN PHYSICAL LAYERS
IEEESO2.lldg [9] [IO] and Hiperld2 [ I l l have a similar PHY layer. They both are based on the use of COFDM and include an interleaver and a convolutional encoder. COFDM is used to combat frequency selective fading and to randomize the burst errors caused by wireless channels. OFDM modulation is implemented by means of an inverse FFT. 48 data symbols and 4 pilots are transmitted in parallel to form one OPDM symbol. In order to prevent Inter-Symbol Interference (ISI), a guard interval is inserted by means of a cyclic extension [I21 [13] . When the guard interval is longer than the excess delay of the radio channel, IS1 is eliminated. In such case, the received signal after the FIT is therefore:
where y~ is the received signal on the kth sub-carrier, H k represents the frequency response of the channel at the kth sub-canier and nk represents the complex Additive White Gaussian Noise (AWGN). z k is the transmitted signal on the kth subcarrier. used for retransmission of erroneous packet and for collision detection.
The physical layer provides several operating modes depending on the coding rate and the modulation scheme (8 for IEEE802.Ila and 7 for Hiperlad2, see Table I ). This mode is chosen with a Link Adaptation algorithm. A simple approximation for the link throughput is given by:
where R is the nominal bit rate and PER the packet error rate for a specific mode and power. A simple link adaptation algorithm would choose the mode with the highest throughput for a given CN.
SPACE-TIME BLOCK CODING
In [41, Alamouti proposed a simple transmit diversity scheme which was generalised by Tarokh where X l , k and %2,k are the transmitted signals of two consecutive OFDM symbols respectively, at a given suh-canier k before being input to the IDFT and after the serial to parallel conversion (SE').
At the first antenna, for the kth sub-carrier, x l , k is transmitted during the first symbol period followed by in the second symbol period. At the second antenna, x 2 , k is transmitted during the first symbol period followed by z;,~ in the second symbol period. Each antenna transmits one OFDM symbol with half power compared to the standard IEEE 802.11a system (SISO).
At receive antenna I, after the DFT and the cyclical prefix removal, the received signal is given by where n 1 , k and n 2 .~ represent the AWGN and and H 2 . k represents the frequency responses for suh-canier k of the channels between Tx I and Rx 1 and between Tx 2 and Rx 1 respectively.1t is assumed that the channel responses aTe uncorrelated and remain constant during the period of two OFDM symbols. With an ODFM period of 4ps in WLANs, this assumption is reasonable for an indoor system.
After channel estimation, channel parameters are known to the receiver and according to [I21 and [171, In order to perform Soft Decision Viterbi decoding, the Channel State Information (CSI) of both channels and for all the sub-caniers ( H 1 . k , H 2 . k ) is passed to the decoder in order to calculate the metric. Figure 1 describes the block diagram for a 2Tx-1Rx STBC configuration that will be used as the inner part of the combined system. In [121, the authors showed that a 2Tx-2Rx system can achieve 8.5 dB gain for mode 1 compared to a standard 1Tx-1Rx system over IEEE802.11a for a packet size of 54 bytes.
IV. VIDEO STREAMING
The Motion Picture Expelt Group (MPEGj has developed the H.262 video encoding scheme [IS] , known as MPEG2. However, MPEG2 is also generic for audio/visual coding applications and includes error resilience for broadcasting. In parallel to the coding efficiency, the MPEG group has developed a system layer specification [I91 [ZO] describing how MPEG2-compressed video and audio data streams may be packetised and multiplexed together to form n single data stream. Multiple programs can therefore be' delivered simultaneously without requiring them to have a common time base.
The system layer approach defines a first class of streams: Packet Elemenmy Streams(PES). PES packets are limited to 64 kbits and are formed with a variable length header and a variable length payload. The payload contains data sequentially taken from the original data streams (video, audio or system data) to mulipltex. PES packets are then divided along with an outer interleaver after the video encoder and prior to the PHY layer. The proposed system is therefore composed of the outer RS code with two different correction capabilities (8 and 32 bytes) and with an outer interleaver combined with a STBC system (2Tx-1Rx and 2Tx-2Rx) at the PHY layer. The convolutional encoder and the interleaver of the PHY layer form the inner part of the concatenated code. The reference system for our simulation is the standard IEEE 802.1 la PHY layer without the RS encoder and without STBC. Figures I and 2 show an example of block diagrams of the inner and outer coders respectively of the combined system with a 2Tx-IRx configuration.
We recall that TS packets are 188 bytes long and are input to the outer RS encoder. The encoded packets, with length 204 bytes or 252 bytes depending on the correction capabilities chosen, are then input to the modified IEEE 802.11a PHY layer implementing a 2Tx-1Rx or 2Tx-2Rx STBC (see Table   11 ). Fig. 2 . Outer Coder of the System of 0.92 and 0.74 respectively. This will reduced the available bit rate at the application layer. Figure 3 shows the PER performances of the system with a 2Tx-2Rx configuration for the different correction capabilities and for the 7 modes. As expected, the RS encoder improves the PER performance. For example, a PER of 10W2 with mode 5 requires a C/N of lldB without an RS code, whereas, it only requires 9.5dB and 8dB for RS codes with correction capatilities of 8 and 32 bytes respectively. Figure 4 shows the throughput performances used for the link adapation for all the modes and for the 2Tx-2Rx configuration. We can see that the available bit rate at the application layer will be lower for RS (188, 252, t=32) than for RS(188, 204, t=8) since more PHY data are sent for the same amount of application data. For example, the maximum throughput achievable for mode 5 is around 18 Mhits/s for a correction capability of 32 bytes, whereas the 8 byte correcting code allows a maximum of 22 Mbitsls. The nominal bit rate for mode 5 is 24 Mbits/s. Figure 5 shows the PER performances of the combined system for mode 3 for the 2Tx-1Rx and 2Tx-2Rx STBC configurations and for the two correction capabilities. We can see that the 2Tx-1Rx and the 2Tx-2Rx STBC configurations without RS encoding provide an improvement of 3.5dB and 8dB respectively over the IEEE802.1 l a standard for a PER of lo-'. The proposed combined system with a 2Tx-1Rx configuration offers a further 1.5dB and 2.5dB gain with 8 and 32 byte correction capabilities respectively, leading therefore to a 5dB and 6dB gain over the standard. The 2Tx-2Rx configuration offers a 8.5dB and lOdB gain over the standard with the 8 and 32 byte correction capabilities respectively. For a given C/N, the stronger RS code with a 2Tx-2Rx configuration will reduce considerably the PER and reduce therefore the undesirable use of ARQ for video time-hounded transmission. Figure 6 shows the different throughputs achievable with 2Tx-1Rx and 2Tx-2Rx and with the two correction capabilities for mode 3. We can see that for a given STBC configuration, the RS code with the highest correction capability (32) provides the highest throughput for low CfN values. This means that the strong RS code will provide good performance for low CfN levels. However, since this correction capability has a lower maximum throughput, smaller correction capabilities give better throughput as the C/N increases. This means that as the CfN increases, the PER decreases and a strong RS code is not necessary any more. A lower correction capacity code would now provide better throughput performance. Finally, as the PER gets closer to zero, the use of RS codes are longer needed to provide good throughput performance.
VI. PERFORMANCE RESULTS

As mentioned in
VII. CONCLUSION
In this paper, an enhanced MPEG2 streaming solution for transmission over COFDM based WLANs with combined STBC and RS concatenated coding is examined. At the expense of a lower video bit rate, the proposed system enables reliable video streaming transmission with a minimised use of ARQ by improving the performance of the standard IEEE802.lldg. 
